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ABSTRACT

Constituents from Polyalthia cerasoides, stem bark methanol extract, were previously
documented. This study reports the first isolation of bioactive N-(4-hydroxy-/phenethyl)-4-
hydroxycinnamide (1) from ethyl acetate extract of the plant species including stigmasterol
and a mixture of triterpenes from hexane and dichloromethane extracts. Trace essential ele-
ments were found in the hexane extract in ppm level. The plant extracts were evaluated for
their antimicrobial and antioxidative activities. The dichloromethane extract displayed the
highest activity against Corynebacterium diphtheriae NCTC 10356 with MIC of 32 pg/mL,
as well as, the highest SOD activity with an ICsq 0f 4.51 pg/mL.

Keywords: Polyalthia cerasoides, 4-hydroxycinnamide, antioxidants, antimicrobials, trace
elements

INTRODUCTION bioactive compounds from the roots of

P. cerasoides were reported, e.g. apor-

Polyalthia cerasoides (Roxb.) Benth. phine and benzylisoquinoline alkaloids,
Ex Bedd. (Annonaceae), a medicinal plant triynoic acid and triterpenes (Kanok-
used in Thai indigenous medicine in par- medhakul et al., 2007). Previously, stem
ticular, its roots as a tonic and febrifuge bark polar extracts (methanol) of the plant
(Pharmaceutical sciences, 1996) and stem species were reported to contain sesquiter-
barks as a pain relief and kidney dysfunc- pene and benzopyrans (Gonzélez et al.,
tion (Smitinand, 1980). Diverse groups of 1995, 1996) including oxoprotoberberine
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(Zafra-Polo et al., 1996; Gonzalez et al.,
1997). So far, nonpolar and less polar plant
extracts were not documented in the litera-
ture. The present study reports the isola-
tion and bioactivities of the stem barks;
hexane, dichloromethane and ethyl acetate
extracts of the plant species as well as
trace elements.

MATERIALS AND METHODS

General

Melting points were determined on an
Electrothermal 9100 melting point appara-
tus and are uncorrected. *H- and *C-NMR
spectra were recorded on a Bruker
AVANCE 300 NMR spectrometer (operat-
ing at 300 MHz for 'H and 75 MHz for
3C). Infrared spectra (IR) were obtained
on a Perkin Elmer System 2000 FTIR.
Mass spectra were recorded on a Finnigan
INCOS 50. Column chromatography was
carried out using silica gel 60 (0.063-
0.200 mm). Analytical thin layer chroma-
tography (TLC) was performed on silica
gel 60 PFys4 aluminium sheets (cat. No.
7747 E., Merck). Solvents were distilled
prior to use. Chemicals and reagents for
cell culture and assays were of analytical
grade.

Plant material

Stems of P. cerasoides were collected
from Praputtabath, Saraburi Province,
Thailand. It has been identified by the For-
est Herbarium, Royal Forest Department,
Bangkok, Thailand.

Extraction

The air dried milled stem barks of P.
cerasoides (6 kg) was extracted with hex-
ane (3x5 days), then filtered and evapo-
rated in vacuo to give a hexane extract
(16.5 g). Similarly, the extraction was car-
ried out using dichloromethane, ethyl ace-
tate and methanol to give the correspond-
ing dichlorometane (12.5 g), ethyl acetate
(11.2 g) and methanol (58 g) extracts, re-
spectively.

Sample preparation

Plant extract (0.3 g) was added conc
H,SO4 (2mL) and 30% HO, (5mL),
then heated at 300 °C for 5 h. After cool-
ing, the solution was added to distilled wa-
ter (100 mL), then filtered to give a di-
gested solution.

Isolation

Hexane extract (15.5g) was placed
onto a silica gel (400 g) column, eluted
with hexane: CHCI; (9:1 to 1:1) to give a
pale yellow solid (3.7 g). Recrystallization
by hexane: CHCI; afforded stigmasterol
0.92 g of m.p. 168-170 °C.

Dichloromethane extract (11.1 g) was
separated by silica gel (300 g) column to
provide stigmasterol (0.17 g) and a mix-
ture of triterpenes after elution with hex-
ane: CHyCl, (1:1).

Ethyl acetate extract (9.4 g) was sub-
jected to silica gel (250 g) column. Initial
elution with hexane: CH,Cl; (1:1) gave S
sitosterol 6.2 mg. Further elution with
CH,Cl,: MeOH (95:5) provided paprazine
(1) as a white amorphous (4.7 mg);
mp 250-251 °C [mp 250-251 °C (Ee et al.,
2009), 253-254°C (Yamamoto et al.,
1991)] together with a mixture of yellow
oils (17.8 mg).

Paprazine; IR (KBr) vma (cm™) 3434
(OH), 3310 (br OH), 3175 (br NH), 1662
(C=0), 1174, 1105, 1050 (C-0O); *H-NMR
(CD30D): 6 2.75 (t, 2H, H-7, J = 7.4 Hz),
3.46 (t, 2H, H-8, J = 7.4 Hz), 6.37 (d, 1H,
H-8', J = 15.7 Hz), 6.72 (d, 2H, H-3, H-5, J
= 8.5 Hz), 6.78 (d, 2H, H-3', H-5", J = 8.6
Hz), 7.04 (d, 2H, H-2, H-6, J = 8.5 Hz),
7.39 (d, 2H, H-2', H-6', J = 8.6 Hz), 7.44
(d, 1H, H-7", J = 15.7 Hz); C-NMR
(CDsOD): 6 35.7 (C-7), 42.4 (C-8), 116.2
(C-3, C-5), 116.6 (C-3', C-5), 118.3 (C-
8'), 127.6 (C-1"), 130.4 (C-2', C-6"), 130.6
(C-2, C-6), 131.2 (C-1), 141.7 (C-7),
156.7 (C-4), 160.3 (C-4'), 169.1 (CO);
LRMS (El):m/z (%) = 283 (8.81) [M7],
164 (73), 147 (100), 120 (56), 107 (30), 91
(26), 77 (17).
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Elemental analysis

Trace elements of the plant digested
solution was analyzed by ICP-AES (Induc-
tively couple plasma-atomic emission
spectrometry), Seiko Instruments, SPS
7000 using an argon as plasma gas, carrier
gas and auxiliary gas with the flow rate of
6-7 L/min. The determination was per-
formed in triplicate.

Biological activities
Antimicrobial assay

Antimicrobial activity of the tested
compounds was performed using agar di-
lution method as previously described
(Prachayasittikul et al., 2009a). Briefly, the
tested compounds dissolved in DMSO
were individually mixed with 1 mL Muel-
ler Hinton (MH) broth. The solution was
then transferred to the MH agar solution to
yield the agar plates with the final concen-
tration of compounds ranging from 4 to
256 pg/mL. Tested microorganisms, cul-
tured in MH broth at 37 °C for 24 h, were
diluted with 0.9 % normal saline solution
to adjust the cell density of 1x10® cell/mL.
The organisms were inoculated onto each
plate and further incubated at 37 °C for 24-
48 h. Cell growth was analyzed as com-
pared to the control culture plates. The
DMSO was tested in parallel with the
compounds and showed no antimicrobial
action on the tested organisms. Twenty-
seven strains (18 reference strains and 9
clinical isolates) of the tested microorgan-
ISms were gram negative bacteria: Es-
cherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 700603, Serratia
macescens ATCC 8100, Salmonella ty-
phimurium ATCC 13311, Salmonella
choleraesuis ATCC 10708, Achromobac-
ter xylosoxidans ATCC 2706, Pseudomo-
nas aeruginosa ATCC 15442, Pseudomo-
nas stutzeri ATCC 17587, Shigella
dysenteriae, Salmonella enteritidis, Mor-
ganella morganii, Aeromonas hydrophila,
Citrobacter freundii, Plesiomonas shigel-
loides; gram positive bacteria: Staphylo-
coccus aureus ATCC 29213, Staphylococ-
cus aureus ATCC 25923, Staphylococcus

epidermidis ATCC 12228, Enterococcus
faecalis ATCC 29212, Enterococcus fae-
calis ATCC 33186, Micrococcus lutens
ATCC 10240, Corynebacterium diphthe-
riae NCTC 10356, Bacillus subtilis ATCC
6633, Streptococcus pyogenes, Listeria
monocytogenes, Bacillus cereus and dip-
loid fungus (yeast): Candida albicans
ATCC 90028, Saccharomyces cerevisiae
ATCC 2601.

Radical scavenging: DPPH assay

Reduction of 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) was measured via spec-
trophotometry upon reaction with an anti-
oxidant (Prachayasittikul et al., 2009Db).
Briefly, 0.1 mM of DPPH in methanol was
freshly prepared. The scavenging activity
was calculated from the absorbance
(517 nm) after 30 min incubation at the
absence (Abs. control) and presence of the
tested compounds (Abs. sample) as the
following equation:

. . . Abs.sample
Radical scavenging activity (%) =| 1 - ——— [ x 100
Abs.cont
UV-1610, Shimadzu was used in the
experiments and vitamin E was used as a
standard.

Superoxide scavenging: SOD assay

The tested compounds were assessed
for the SOD activity by photoreduction of
nitro blue tetrazolium (NBT) as previously
described (Prachayasittikul et al., 2009b).
Purified SOD from bovine erythocytes
(Sigma-Aldrich) was used as a standard.

RESULTS AND DISCUSSIONS

Isolation

P. cerasoides extracts (hexane, di-
chloromethane and ethyl acetate) were iso-
lated by silica gel column using gradient
elution with increasing polarity. Structures
of the isolates were confirmed by compari-
son of their spectral data with the literature
reported. The hexane and dichloromethane
extracts gave stigmasterol and a mixture of
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triterpenes. Previously, sterols were iso-
lated from leaves and stems ethanol ex-
tracts of P. cerasoides (Dan et al., 1985).
Whereas the ethyl acetate extract provided
/sitosterol and paprazine (N-(4-hydroxy-
F-phenethyl)-4-hydroxycinnamide, 1,
Fig. 1). In addition, the obtained mixture
of yellow oils when tested with the
Dragendorff’s reagent (Farnworth, 1966),
the strong yellow-orange color was ob-
served. It could possibly assume that such
mixture oils were alkaloids. Structure of
the amide 1 was determined by compari-
son of its IR, 'H-, ®*C-NMR and MS with
the literature data (Ee et al., 2009). In addi-
tion, 2D-NMR (COSY, HMQC and
HMBC) were also performed. Paprazine is
a bioactive amide isolated from many plant
species, e.g. the genus Piper; Piper ni-
grum (Ee et al., 2009) and Piper kadsura
(Lin et al., 2006), Erycibe hainanesis
(Song et al., 2010), Dendrobium candidum
(Wang et al., 2010) and Cannabis sativa L.
(Yamamoto et al., 1991).

Figure 1: Chemical structure of paprazine (1)

Trace elements analysis

Metal ions play important roles in life
and biological systems (Hegde et al., 2004;
Nahar et al., 2010), e. g. enzymes contain-
ing Mn, Cu, Ni and Zn. Such components
formed through coordination of endoge-
nous ligands constituting N-, O- and S-
atom electron donors with the metal ions.
Our previous studies revealed that the en-
dogenous ligand like nicotinic acid formed
metal (Cu) complexes via N- and O-
electron donors leading to the compounds
with SOD and antimicrobial actions (Suk-
srichavalit et al., 2008, 2009). In fact, plant
species are known to contain a variety of
bioactive metabolites, such as alkaloids,

flavonoids and triterpenes, that are capable
to form such metal complexes. These came
to the interesting idea that trace elements
of the plant species should be analyzed.
Therefore, the content of trace elements
was carried out using the ICP-AES. Re-
sults showed that the hexane extract con-
tained (ppm) Mg (1.46), Al (1.36), Ca
(1.48), Zn (0.13) and Ba (0.09). Unfortu-
nately, the other plant extracts were not
possible to prepare digested solution for
the analysis. Among these, Mg, Ca and Zn
are essential elements that play vital roles
in biological process (Hegde et al., 2004;
Nahar et al., 2010).

Antimicrobial activity

The extracts were tested using the agar
dilution method (Prachayasittikul et al.,
2009a) against 27 strains of micro-
organisms. It was found (Table 1) that only
the hexane and dichloromethane extracts
selectively displayed antigrowth activity
against gram-positive bacteria; C. diphthe-
riae NCTC 10356, B. subtilis ATCC 6633
and S. pyogenes with minimum inhibitory
concentrations (MICs) range 32-128 pg/mL.
The dichloromethane extract exhibited the
highest activity against C. diphtheriae
NCTC 10356 with the MIC of 32 pg/mL,
whereas the MIC for B. subtilis ATCC
6633 and S. pyogenes was 64 pug/mL. In
addition, the dichloromethane extract also
showed growth inhibition against B. cereus
and M. lutens ATCC 10240 with the MIC
of 128 and 256 pg/mL, respectively. How-
ever, the antimicrobial activity of the stem
bark of the P. cerasoides was not found in
the literature. The root extracts of P. cera-
soides were reported to be active against
Plasmodium falciparum (Kanokmedhakul
et al.,, 2007). The isolated paprazine was
reported to display potent antiinflamma-
tory activity with an ICsp of 8.4+1.3 uM
(Lin et al., 2006) and to exhibit catalepto-
genic effect including to cause hypother-
mia and motor incoordination in mice
(YYamamoto et al., 1991).
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Table 1: Antimicrobial activity® of P. cerasoides

Extract Microorganism MIC® (ug/mL)
Hexane C. diphtheriae NCTC 10356 64°

B. subtilis ATCC 6633, S. pyogenes 128
Dichloromethane C. diphtheriae NCTC 10356 32¢

B. subtilis ATCC 6633, S. pyogenes 64

B. cereus 128

M. lutens ATCC 10240 256
Ethyl acetate inactive -
Methanol inactive —

4Ampicillin at 10 pg/mL was used as a control of antibacterial testing system; it showed complete
inhibition against S. typhimurium ATCC 13311, P. stutzeri ATCC 17587, S. aureus ATCC 29213,
S. aureus ATCC 25923, S. epidermidis ATCC 12228, M. lutens ATCC 10240, C. diphtheriae
NCTC 10356, S. choleraesuis ATCC 10708, S. pyogenes, L. monocytogenes and P. shigel-
loides. Partial inhibition (50 %) at ®32 pg/mL and °16 pg/mL. 4MIC: Minimum inhibitory concentra-
tion was the lowest concentration that inhibited the growth of microorganisms.

Antioxidative activity

The tested plant extracts (Table 2) all
exerted SOD activity. The highest activity
was observed for dichloromethane extract
with an ICsy of 4.51 pg/mL, followed by
methanol and ethyl acetate extracts with
the 1Cso 0f 12.06 and 39.08 pg/mL, respec-
tively. However, the hexane extract
showed weak NBT inhibition (35.29 %) at
300 pg/mL. In case of DPPH activity, only
the dichloromethane extract was shown to
be an antioxidant with the I1Csy of
100.76 pg/mL. It is notable that the extract
(dichloromethane) with the highest anti-
microbial activity displayed the strongest
SOD activity. Recently, stem barks of P.
cerasoides were reported to show DPPH
(of methanol extract) and SOD (of alco-
holic extract) activities with the 1Cs of 25
and 80 pg/mL, respectively as equivalent
to tannic acid (Ravikumar et al., 2008;
Krishnaiah et al., 2010). This study, the
antioxidative activity of dichloromethane
extract, could possibly arise from triter-
penes. Stigmasterol was previously re-
ported to be an antioxidant (Hung and
Yen, 2001; Ramadan et al., 2007). Some
plant extracts, e. g. Hydnophytum formica-
rum Jack. (Prachayasittikul et al., 2008),

Spilanthes acmella Murr. (Wongsawatkul
et al., 2008; Prachayasittikul et al., 2009c¢)
and Eclipta prostrata Linn. (Prachayasitti-
kul et al., 2010) containing stigmasterol
and triterpenes were reported to be anti-
oxidants.

Table 2: Antioxidative activity of P. cera-

soides

Extract ICsp (Mg/mL)
DPPH SOD
assay®  assay’

Hexane® inactive -

Dichloromethane 100.76 451

Ethyl acetate inactive 39.08

Methanol inactive 12.06

a

a-tocopherol with 1Csg of 5.35 pg/mL
® SOD from bovine erythrocytes with 1Csg of
0.39 pg/mL
Hexane extract at 300 pug/mL displayed 35.29 %
inhibition (SOD assay)

CONCLUSION

Bioactive amide (1) is firstly isolated
from the stem bark ethyl acetate extract of
P. cerasoides. The hexane and dichloro-
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methane extracts afford stigmasterol and a
mixture of triterpenes. Trace essential ele-
ments were found in the hexane extract in
ppm level. Bioactivity testings show that
the hexane and dichloromethane extracts
are active antimicrobials, the latter being
the most active. The dichloromethane ex-
tract also exhibits the strongest superoxide
scavenging activity. The findings imply a
protective effect of the plant species that
supports its medicinal applications.

ACKNOWLEDGEMENTS

We gratefully acknowledge the support
by the research grant of Mahidol Univer-
sity (B.E. 2551-2555). This project is sup-
ported by the Office of the Higher Educa-
tion Commission and Mahidol University
under the National Research Universities
Initiative.

REFERENCES

Dan S, Dan SS, Mukhopadhyay P, Muk-
herjee. MK. Chemical investigation of
some Annonaceae species. Int J Crude
Drug Res 1985;23:73-6.

Ee GC, Lim CM, Lim CK, Rahmani M,
Shaari K, Bong CF. Alkaloids from Piper
sarmentosum and Piper nigrum. Nat Prod
Res 2009;23:1416-23.

Farnworth NB. Biological and phyto-
chemical screening of plant. J Pharm Sci
1966;55:243-67.

Gonzélez MC, Serrano A, Zafra-Polo MC,
Cortes D, Rao KS. Polycerasoidin and
polycerasoidol, two new prenylated ben-
zopyran derivatives from Polyalthia cera-
soides. J Nat Prod 1995;58:1278-84.

Gonzélez MC, Sentandreu MA, Rao KS,
Zafra-Polo MC, Cortes D. Prenylated ben-
zopyran derivatives from two Polyalthia
species. Phytochemistry 1996;43:1361-4.

Gonzélez MC, Zafra-Polo MC, Blazquez
MA, Serrano A, Cortes D. Cerasodine and
cerasonine: new oxoprotoberberine alka-
loids from Polyalthia cerasoides. J Nat
Prod 1997;60:108-10.

Hegde ML, Shanmugavelu P, Vengamma
B, Rao TS, Menon RB, Rao RV, Rao KS.
Serum trace element levels and the com-
plexity of inter-element relations in pa-
tients with Parkinson's disease. J Trace
Elem Med Biol 2004;18:163-71.

Hung C-Y, Yen G-C. 2001. Extraction and
identification of antioxidative components
of Hsian-tsao (Mesona procumbens
Hemsl.). Lebensm-Wiss Technol 2001;
34:306-11.

Kanokmedhakul S, Kanokmedhakul K,
Lekphrom R. Bioactive constituents of the
roots of Polyalthia cerasoides. J Nat Prod
2007;70:1536-8.

Krishnaiah D, Sarbatly R, Nithyanandam
R. A review of the antioxidant potential of
medicinal plant species. Food Bioprod
Process, 10 May 2010; e-pub ahead of
print; doi:10.1016/j.fbp.2010.04. 008.

Lin L-C, Shen C-C, Shen Y-C, Tsai T-H.
Anti-inflammatory neolignans from Piper
kadsura. J Nat Prod 2006;69:842-4.

Nahar Z, Azad MA, Rahman MA, Rahman
MA, Bari W, Islam SN, Islam MS, Hasnat
A. Comparative analysis of serum manga-
nese, zinc, calcium, copper and magne-
sium level in panic disorder patients. Biol
Trace Elem Res 2010;133:284-90.

Pharmaceutical Sciences, Mahidol Univer-
sity. Siam-Phi-Chacha-Ya-Prug. Amarin
Printing and Publishing: Bangkok, 1996
(p 190).

21



EXCLI Journal 2011;10:16-22 — ISSN 1611-2156

Received: February 23, 2011, accepted: March 03, 2011, published: March 08, 2011

Prachayasittikul S, Buraparuangsang P,
Worachartcheewan A, Isarankura-Na-
Ayudhya C, Ruchirawat S, Prachayasitti-
kul V. Antimicrobial and antioxidative ac-
tivities of bioactive constituents from
Hydnophytum formicarum Jack. Molecules
2008;13:904-21.

Prachayasittikul S, Sornsongkhram N,
Pingaew R, Worachartcheewan A, Ruchi-
rawat S, Prachayasittikul V. Synthesis of
N-substituted 5-iodouracils as antimicro-
bial and anticancer agents. Molecules
2009a;14:2768-79.

Prachayasittikul S, Worachartcheewan A,
Lawung R, Ruchirawat S, Prachayasittikul
V. Activities of thiotetrahydropyridines as
antioxidant and antimicrobial agents.
EXCLI J 2009b;8:107-14.

Prachayasittikul S, Suphapong S, Wora-
chartheewan A, Lawung R, Ruchirawat S,
Prachayasittikul V. Bioactive metabolites
from Spilanthes acmella Murr. Molecules
2009c;14:850-67.

Prachayasittikul S, Wongsawatkul O,
Suksrichavalit T, Ruchirawat S, Pracha-
yasittikul V. Bioactivity evaluation of
Eclipta Prostrata Linn: a potential vasore-
laxant. Eur J Sci Res 2010;44:167-76.

Ramadan MF, Zayed R, El-Shamy H.
Screening of bioactive lipids and radical
scavenging potential of some solanaceae
plants. Food Chem 2007;103:885-90.

Ravikumar YS, Mahadevan KM, Ku-
maraswamy MN, Vaidya VP, Manjunatha
H, Kumar V, Satyanarayana ND. Antioxi-
dant, cytotoxic and genotoxic evaluation of
alcoholic extract of Polyalthia cerasoides
(Roxb.) Bedd. Environ Toxicol Pharmacol
2008;26:142-6.

Smitinand Tem. Thai plant names. (Bo-
tanical names-Vernacular names). Royal
Forest Department: Bangkok, 1980
(p 270).

Song S, Li Y, Feng Z, Jiang J, Zhang P.
Hepatoprotective constituents from the
roots and stems of Erycibe hainanesis. J
Nat Prod 2010;73:177-84.

Suksrichavalit T, Prachayasittikul S, Pia-
cham T, Isarankura-Na-Ayudhya C, Nan-
tasenamat C, Prachayasittikul V. Copper
complexes of nicotinic-aromatic carbox-
ylic acids as superoxide dismutase mimet-
ics. Molecules 2008; 13:3040-56.

Suksrichavalit T, Prachayasittikul S, Nan-
tasenamat C, Isarankura-Na-Ayudhya C,
Prachayasittikul V. Copper complexes of
pyridine derivatives with superoxide scav-
enging and antimicrobial activities. Eur J
Med Chem 2009;44:3259-65.

Wang F-F, Li Y, Dong H-L, Guo S-X,
Wang C-L,Yang J-S. A new compound
from Dendrobium candidum. Chin Phar-
maceut J 2010;45:975-9.

Wongsawatkul O, Prachayasittikul S, Is-
arankura-Na-Ayudhya C, Satayavivad J,
Ruchirawat S, Prachayasittikul V. Vasore-
laxant and antioxidant activities of Spilan-
thes acmella Murr. Int J Mol Sci 2008;9:
2724-44.,

Yamamoto I, Matsunaga T, Kobayashi H,
Watanabe K, Yoshimura H. Analysis and
pharmacotoxicity of feruloyltyramine as a
new constituent and p-coumaroyltyramine
in Cannabis sativa L. Pharmacol Biochem
Behav 1991;40:465-9.

Zafra-Polo MC, Gonzalez MC, Tormo JR,
Estornell E, Cortes D. Polyalthidin: New
prenylated benzopyran inhibitor of the
mammalian  mitochondrial  respiratory
chain. J Nat Prod 1996;59:913-6.

22



